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All viruses that have been examined are known to con- 
tain NA. Plant viruses are found to possess only the ribose 
type (but not identical with yeast NA), while both DNA 
and RNA have been found in animal viruses (cf. Beard, 
1948). The molecular weights of viruses usually lie in the 
millions (up to several hundred million) so that they are 
generally much greater than those of proteins. Viruses are 
known to mutate, just as if composed of genic material. 
Over 50 strains of tobacco mosaic virus, for example, are 
known, indicating a considerable complexity of these bodies. 
Even the small foot-and-mouth virus (10 millimicrons in 
diameter) does not have a simple antigenic structure (cf. 
Daubney, 1934). Other direct and indirect evidence indi- 
cates that the high molecular weight plant viruses are built 
up from the union with NA of a number of similar proteins 
with more usual molecular weights (Bawden, 1948). 

These considerations lead one to anticipate a similarity 
between the autosynthetic activity of viruses and that of 
genes and chromosomes. In this regard, the virus is essen- 
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tially a large foreign protein which, so to speak, carries the 
basic mechanisms for its own NA metabolism with it. This 
is probably why viruses are usually extremely successful in 
their parasitism of a host. Since the vital NA is bound 
directly to the virus proteins, the virus requires only the 
ancillary cellular processes of the host which yield a suitable 
form of energy and the proper building blocks for proteins 
and NA.® 

The inability of viruses to multiply in cell-free media or 
in injured or dead tissues is undoubtedly related to the 
essentially endothermal nature of the reproductive process, 
which apparently can only utilize energy as provided by 
normally metabolizing protoplasm. By analogy with the 
phenomena of chromosome duplication, we are led to expect 
that the reproduction of the virus must take place in tis- 
sues, the pH of which is close to or within the isoelectric 
zone of the virus subproteons. This is because the synthe- 
sized subvirus units (the analogues of metabolites) proba- 
bly must remain adsorbed to the synthetic loci if they are 
to become united in the formation of the daughter virus 
particle.’° This point is of considerable significance. Thus, 
with the pH of the tissues in the isoelectric zone, and rela- 
tively constant (unlike during cell division), the parent and 
daughter virus particles would remain in association with 
one another. Hence, reproducing virus particles would 
form multiple associations or primary aggregates. Combi- 
nation of these with one another would lead to the forma- 
tion of secondary aggregates and precipitation. The for- 


9In much of the subsequent discussion an essentially pure nucleoprotein 
composition of the viruses is assumed. This is sufficient for our purpose, 
since it is the behavior of this material that primarily concerns us. For 
those viruses for which significant amounts of other constituents are known 
to be present, an activity modified in the direction of the activity of the 
simplest forms of bacteria probably obtains. 


10 The recent suggestion of Luria (1947) is of interest in this connection. 
On the basis of a statistical analysis of certain irradiation experiments, 
Luria suggests that the mechanism of reproduction of phage particles may 
consist of an independent reproduction of a number of subvirus units (as 
many as 50) which are thereafter incorporated into the final phage particle. 
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mation of foreign bodies is actually observed in the course 
of most virus infections, and, indeed, it may be said that 
the most characteristic symptom of viral infection is the 
formation of the well-known intracellular inclusion bodies. 


INcLUSION BopiEs 
Extensive experimental data warrant the conclusion that 
inclusion bodies are essentially aggregates of the infecting 
virus. These bodies can only be produced experimentally 
by the inoculation of infective viruses; they are not formed 
after inoculation of attenuated viruses, even though they 
have immunizing properties. Inclusion bodies are known 
to be closely related to the infectivity of the tissue. In 
herpetic keratitis of rabbits, for example, the disease be- 
comes no longer inoculable with their disappearance (Top- 
ley and Wilson, 1946). 

The inclusion bodies vary morphologically from what are 
apparently true crystals to hyaline particles and amorphous 
granules of various characteristic and irregular forms. It is 
likely that this variable morphology is determined by such 
factors as the pH, metabolic state and viscosity of the-in- 
fected cell protoplasm, the size of the virus, the extent of 
primary aggregation that takes place before secondary 
aggregation commences and the point of saturation of the 
attractive forces. 

It is well known that certain plant and animal virus dis- 
eases produce no characteristic visible inclusion bodies, and 
this may be attributed to variations of the above factors 
which inhibit the formation of large aggregates. The evi- 
dence clearly shows that the absence of visible inclusion 
bodies can be as much a characteristic of the infected tissue 
as of the virus itself (cf. Bawden, 1943; Lipschiitz, 1925; 
Topley and Wilson, 1946). 

Descriptions of the process of inclusion body formation 
in plant and animal virus infections have been given by 
Sheffield (1931) and Ludford (1928). The first definite 
sign of infection is the appearance of minute granules in the 
cytoplasm. With the progress of the infection these in- 
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crease in number and size, fusing together as they come in 
chance contact with one another. This process ultimately 
results in the formation of one or more large inclusion 
bodies. The destruction of these bodies is doubtless a direct 
action of intracellular clearing mechanisms coupled, in ani- 
mals, with the clearing organs and phagocytes. It is the 
aggregation of the virus into these inclusion bodies and the 
consequent complete loss of synthetic activity that permits 
the clearing mechanisms to gain ascendency over them. If 
the fate of plant chromosomes which through lagging are 
accidentally lost in the cytoplasm is considered, there can 
be little doubt of the action of intracellular clearing mecha- 
nisms in plants. In the triploid Lilium tigrinum, for exam- 
ple, it has been observed that chromosomes which lag and 
are left in the cytoplasm upon formation of the nuclear 
membrane form micronuclei or microcysts which eventually 
degenerate (Chandler et al., 1937). In view of this action 
it is not unreasonable to suppose that a similar destruction 
of intracellular inclusion bodies, which are foreign sub- 
stances, occurs. 

FURTHER ASPECTS OF VIRUSES AND VIRUS INFECTION 

In general the pathology of virus diseases runs the gamut 
of the possible types of tissue injury (Rivers, 1928). This 
fact alone indicates an extremely varied apparatus of patho- 
genicity. Of course, it is reasonable to attribute a great 
deal of the variation to a difference in the metabolites and 
other tissue constituents depleted by the same or different 
viruses in different hosts. In this connection the studies of 
Caspersson (1947) and Hydén (1947) indicate that viruses 
interact with the host cell as parasites on the system for 
protein production, different viruses intruding upon differ- 
ent phases of this system. However, many other factors 
are probably determinate. In certain tissues, for example, 
the virus is undoubtedly incapable of reproducing due to 
the lack of certain essential subproteons. This is not un- 
likely in view of the fact that in the same organism different 
tissues frequently contain quite distinct proteins and may 
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vary to a considerable extent in their amino acid content. 
Certain evidence points up the fact that viruses generally 
prefer tissues in which growth metabolic processes are in 
action. This is to be anticipated in view of the nucleopro- 
tein constitution of the viruses. Thus, it is found that the 
effect of the virus on plants showing mosaic symptoms is 
one of significantly reducing the assimilatory tissues. More- 
over, only the younger leaves show symptoms. Regarding 
animal viruses, Duran-Reynals (1928, 1929) has called 
attention to the enhancing effects cf extracts of embryonic 
or sarcoma tissues; and other evidence shows that animal 
viruses prefer young newly formed cells for their multipli- 
cation. 

The formation of inclusion bodies and primary aggregates 
probably acts as an automatic checking mechanism to the 
further course of the disease, since the effect of aggregation 
is to decrease and finally saturate the LRSAF, as well as to 
limit the synthetic activity to the outermost particles of 
the aggregate. The latter type of effect is not infrequently 
encountered in experimental work. For example, treating 
tobacco mosaic virus with acids or salts appears to increase 
the size of the infecting units by causing aggregation of the 
virus particles, and so reducing the infectivity of a given 
weight of the virus. In certain dilution experiments with 
plant viruses it is found that the relative infectivity in- 
creases in a manner indicating a dissociation of aggregates 
of virus particles into smaller infective units (cf. Bawden, 
1943). 

In cases where the reproduction of viruses is not accom- 
panied by secondary aggregation and the formation of 
inclusion bodies it is to be anticipated that the reproductive 
process will be of a more sustained autocatalytic character 
inducing more severe symptoms. This is confirmed by the 
observation that a virus may produce many inclusion bodies 
in all plants in which it causes mosaic symptoms, but ?t 7s 
unusual for it to produce them in hosts in which it causes 
severe necrosis (cf. Bawden, 1943). It is also found that in 
the conversion of rabies “ street virus”’ to “ fixed virus.” the 
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ability to produce Negri bodies is lost coincidentally with 
the development of increased virulence (cf. Jordan and Bur- 
rows, 1942), and, instead, very fine granules may be found 
in enormous numbers in the nerve cells (Manouélian, 1912). 

It is an essential characteristic of the antigen-antibody 
aggregation process that it does not result in the destruction 
of the antigen or antibodies but merely in a mutual inacti- 
vation. A large body of evidence supports this conclusion, 
for by the appropriate treatment of the antigen-antibody 
complex, either the antigen or the antibody can often be 
recovered with all its original properties (cf. Bawden and 
Pirie, 1937; Chester, 1936; Landsteiner, 1946). 

Some direct observational evidence of the serological 
reaction in vitro recalls to mind the process of inclusion 
body formation. Thus, if a plant virus is mixed with its 
antiserum (prepared by inoculation of animals with the 
plant virus) and the mixture kept circulating by convection 
currents to simulate cytoplasmic streaming, small particles 
are seen to appear throughout the fluid. These fuse upon 
coming together so that large aggregates, which settle out 
of solution, are formed (Bawden, 1943). It is evident that 
the antibody is effecting a mutual aggregation with the 
virus particles, which phenomenon in vivo halts the virus’s 
autosynthetie activity. The agglutination of elementary 
bodies by immune serum may be observed in the case of 
the larger animal viruses both microscopically and macro- 
scopically in the same manner as the agglutination of bac- 
teria (Craigie and Wishart, 1934). 

It has been noted that the plant virus particle appears 
to be built up from the union with nucleic acid of a number 
of similar proteins. The antigenic complexity of viruses is 
indicated by the large number of strains of various plant 
viruses and phages that are known. In the case of animal 
viruses, recent work has revealed an antigenic complexity 
similar to that present in many bacteria (Topley and Wil- 
son, 1946). Direct evidence that the antiserum of a given 
virus is a mixture of different antibodies, and that each 
antibody is specific to a different antigenic group thereof. 
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is forthcoming from a large number of serological experi- 
ments with plant virus strains and their antisera and will 
not be detailed here (cf. Bawden, 1943). It is also note- 
worthy that, while related strains of plant viruses react 
strongly with one another’s antisera, little or no effect is 
elicited by an unrelated strain. 

Two kinds of inactivation of plant viruses have been 
observed. In one of these the loss of infectivity is accom- 
panied by a denaturation of the virus proteins. Such treat- 
ment destroys the serological activity of the virus and its 
ability to crystallize or form liquid crystalline solutions. 
Other less drastic treatments render preparations non-infec- 
tive without actually denaturing the virus proteins, and the 
serological reactions, crystallinity, and in some cases the 
antigenicity (cf. Bawden, 1943), are left unimpaired. This 
fact, 2.e., that the antigenicity of a virus may not be de- 
stroyed by certain treatments which render the virus itself 
non-infective, is directly in line with the interpretation that 
the infectivity and antigenicity of viruses are different 
phases of virus action. This seems also to be borne out by 
the fact that, while antisera against plant viruses may be 
prepared by animal inoculation, the plant virus is essen- 
tially non-infective against the animal. Treatments which 
render a virus non-infective (7.e., unable to reproduce) 
without affecting its antigenicity probably affect the virus 
in such a manner as to directly or indirectly prevent the 
virus’s NA from taking part in the metabolism of virus 
reproduction. Since NA appears to be vitally concerned in 
the processes that serve to unite the genes into the continu- 
ous chromosome framework, it is, perhaps, the analogous 
process of unification of subvirus units that is prevented.” 


11 Some recent work of Caspersson (1947) and Hydén (1947) is of inter- 
est in this connection. These investigators have shown that in the repro- 
duction of the more complex viruses a DNA mechanism is in play, 2.e., the 
general NA mechanism for protein synthesis and the specialization thereof 
for the reproduction of several proteins linked together—the chromosome 
mechanism. It is proposed that, being more complex, the higher viruses 
possess the DNA mechanisms providing for the exact linking of their many 
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On the other hand, antibody elaboration can occur inde- 
pendently of virus reproduction, for the ancillary NA 
metabolism of the cells is utilized, just as in the case of anti- 
body production by non-nucleoprotein antigens. Conse- 
quently, even in the modified condition, the virus appears 
to be able to carry on this more elementary form of syn- 
thetic activity. Schramm (1941) has shown that enzymatic 
removal of NA from tobacco mosaic virus destroys its infec- 
tivity without any distinct change in the precipitin reaction 
with rabbit antiserum. From the functional point of view, 
this tends to bear out the contention that the role of the 
NA of the virus is essentially one ancillary to virus repro- 
duction, and largely independent of virus antigenicity. 


ANTIVIRAL IMMUNITY 


The extension of the considerations of earlier sections 
leads to the following picture of the phenomena of anti- 
viral immunity. 

The virus reproduces in tissues’ of the body having a pH 
relatively isoelectric to the virus particle and its templet 
subunits. Reproduction occurs at the expense of the host’s 
metabolism and usually leads to the formation of visual 
inclusion bodies, which, being inert and immobile, are elimi- 
nated by clearing mechanisms. In slightly less isoelectric 
tissues the greater coulomb repulsion between primary 
aggregates prevents secondary aggregation. These primary 
aggregates also tend to be eliminated by clearing mecha- 
nisms, but, being more mobile, some of them reach non- 
isoelectric tissues. Here they are disintegrated by coulomb 
repulsion (just as the volutin granules break up) into pri- 
mary infective units which again invade susceptible tissues, 
securing the continued course of the infection and establish- 
ing the typical secondary foci of infection. 


proteins, thereby insuring their proper distribution to the daughter indi- 
viduals. Caspersson and Hydén believe that in the simplest viruses there 
is no need for such a mechanism so that only the RNA mechanism is 
present. 
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On the other hand, virus reproduction can not occur in 
tissues of the body non-isoelectric to the virus’s antigenic 
groups. Instead, a synthesis and elaboration of subvirus 
units, the antibodies, probably occurs through a process 
analogous to metabolite synthesis and elaboration by chro- 
mosomes. In this regard it has been observed that the virus 
can frequently be demonstrated in other parts of the body 
even when the lesions themselves are confined to one tissue 
(Topley and Wilson, 1946) and secondary infections of 
tissues showing no primary symptoms occur frequently 
(Jordan and Burrows, 1942). The antibodies, which are 
rapidly transported by the bloodstream, act both to check 
established infections and to prevent new infection of the 
immune organism by forming inert complexes with the 
otherwise synthetically active virus particles. Formation of 
antigen-antibody complexes probably occurs only in iso- 
electric tissues, for here the LRSAF is able to effect an 
adsorption of the antibodies to the antigenic groups of the 
virus. In the absence of antibodies the virus particles 
would reproduce in these tissues (if other conditions also 
favored reproduction), thereby initiating the course of the 
infection. If antibodies are present, however, they are 
rapidly adsorbed, instead of the normal tissue components 
that would have been depleted in their absence.’* The 
inert complexes formed are destroyed. by the clearing 
mechanisms and by this means infection is obviated. 

The Persistence of Antibodies. The effective and lasting 
immunity often conferred by a single attack of an animal 
virus is accompanied by a persistence of antibodies in the 
host’s tissues. Immunity conferred by non-nucleoprotein 
antigens, although generally of much shorter duration, also 
involves the persistence of antibody in the immune animal. 
Offhand one might be inclined to suppose that the anti- 


12 However, in the case of antitoxic immunity, for example, the effective- 
ness of the antitoxin depends to a great extent upon its ability to intercept 
and neutralize the toxin before it reaches susceptible tissues. This is in 
accord with previous considerations of inactivation of non-nucleoprotein 
antigens. 
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bodies are able to persist because they are ‘“ masked” by 
their great similarity to the serum globulins. However, the 
serum globulins themselves, together with practically all 
other body proteins are known to be continuously in a state 
of synthesis and disintegration. Tracer studies indicate 
that the antibodies undergo the same rapid turnover as do 
the immunologically inert serum proteins (Schoenheimer, 
1942), while it is evident from other immunological studies 
that the circulating antibody is being destroyed at a rate 
which is approximately proportional to its concentration 
(cf. Burnet, 1941). Moreover, it is known that immunized 
animals can suffer extensive bleedings without any detecti- 
ble and lasting fall in antibody titre. Hence, the mechanism 
which secures the persistence of antibodies must be a more 
profound one. It would appear that one of the following 
three processes secures this maintenance. 


1. The antigen persists throughout the immune state, serving continu- 
ously as a templet for antibody production. 

The antigen effects a persisting modification in the apparatus for 
globulin production. 

3. Antibodies are self-duplicating. 


no 


The first alternative has formed the basis for the hypothe- 
ses of antibody formation by Breinl and Haurowitz (1930), 
Haurowitz (1937), Alexander (1931), Mudd (1932), and 
Pauling (1940). These investigators have assumed that a 
templet action of the antigen is the only method of anti- 
body production that is involved in the immune animal. 
Hence, in the light of present knowledge one must interpret 
these hypotheses as ascribing antigenic templet action to 
account for both the initial formation and the continued 
persistence of antibodies. Thus, the antigen must be pre- 
sumed to be present throughout the immune state. The 
persistence of the antigen in the face of constant degra- 
dative action, however, poses the same problem as does the 
persistence of the antibodies. Moreover, upon the basis of 
immunological evidence the general persistence of the anti- 
gen throughout the immune state must be ruled out. Prac- 
tically all the indirect evidence supports the view that the 
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antigen is destroyed by the organism long before it loses its 
capacity to produce antibody, so that the supposition that 
the antigen persists unmodified, but undetectible by any 
experimental methods, could only be adopted if no other 

interpretation could account for the facts. Conditions of 
apparent antiviral infection-immunity, in which the virus 
is known to be present in the immune animal long after 
infection, are known. However, in such cases there is 
always clear epidemiological evidence of the persistence of 
the infection. These conditions certainly do not occur in 
measles, yellow fever, ete., so that it is difficult to avoid 
accepting long-lasting antiviral immunity as something in- 
duced by the infection, but maintained by the organism 
after all the virus has been destroyed (Burnet, 1941; 
Francis, 1947). 

Additional evidence that the continued production of 
antibodies is not secured by a templet action of the antigen 
is provided by studies of the rate of increase of circulating 
antibodies. It is clear from these studies that an auto- 
catalytic process is somewhere involved for a time (Buriet, 
1941), and this could not be secured by a non-reproducing 
antigen, whose antibody production would proceed more or 
less linearly. 

Thus, while the hypothesis that antibodies are initially 
produced by a templet action of the antigen is acceptable,’ 
it seems evident that the persistence of antibodies in the 
immune condition can not be reasonably attributed to the 
same mechanism. 

The second alternative is the one adopted by Burnet 
(1941). According to his hypothesis the contact of the 
antigen with the so-called proteinase securing globulin pro- 


13JIn the case of the production of antibodies against tobacco mosaic 
virus in mice, the tracer studies of Libby and Madison (1947) indicate 
that the virus must be present to stimulate the formation of antibody, for 
there appears to be a coincidence in the time between the breakdown of 
the virus and the regular decrease in the amount of circulating antibody. 
Thus, it appears that in the atypical case of antibody production against 
plant viruses injected into animals, templet-acting antigens may be pri- 
marily involved. 
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duction results in its modification, perhaps in such a manner 
that it can effectively degrade the antigen. The modified 
proteinase retains its modification during subsequent pro- 
duction of complete or partial replicas (the antibodies or 
their precursors) but in the absence of continued stimula- 
tion by the antigen the apparatus gradually reverts to nor- 
mal globulin production. Burnet argued this hypothesis by 
analogy with that for the formation of new “ adaptive” 
enzymes for certain substrates by bacteria. In the light of 
recent work (cf. Sevag, 1946; Spiegelman, 1946), however, 
it seems likely that the system for the production of “ adap- 
tive’ enzymes occurs normally in a more or less non-func- 
tional condition. Hence, this argument now appears less 
convincing. 

The second alternative also raises the question of the 
manner of persistence of the modified globulin-producing 
apparatus in the face of constant degradative action. It is 
presumably the action of genotypic factors’* (cf. Beadle, 
1946) that normally guarantees the synthetic processes 
which equilibrate with degradative processes to preserve the 
integrity of the phenotype. In the absence of these factors 
the degradative processes would eliminate the modified 
apparatus and so terminate the production of antibody. 

On the other hand, it is possible that the evidence for a 
dynamic equilibrium is interpreted too strongly and that 
degradation is limited to certain systems only, or in many 
cases acts in only a superficial manner. Also, if the anti- 
body-producing proteinase apparatus is self-reproductive, 
as Burnet has postulated, this factor might be sufficient to 
secure its persistence even though it competes with the 
apparatus for normal globulin synthesis. Thus, the second 


14 Of particular interest in this regard are the systematic immunogenetic 
studies of Cumley and Irwin (1942). The serum of doves and pigeons and 
their hybrids was investigated. These authors showed that the species 
hybrids possess the proteins of both parent species, and that these proteins 
segregate in backcross hybrids. It is concluded that beyond a reasonable 
doubt the proteins are controlled by gene action. 
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alternative can not be ruled out as a possible basis for the 
persistence of the immune state. 

The third alternative offers the simplest and most direct 
mechanism for antibody maintenance and it has been sug- 
gested by Jordan’ (1940). In the light of the previous con- 
siderations an autosynthetic activity of antibodies is to be 
anticipated. The chief criticism against this alternative 
might stem from the fact that passive bacterial and anti- 
viral immunity is of relatively short duration. Thus, if 
antibodies are capable of self-reproduction, injection of 
immune serum into the bloodstream would be expected to 
produce an effective immunity. However, it is well estab- 
lished that antibody production is a function of the tissues 
(or cells) of an organism and does not occur through a 
multiplication of antibodies in the blood plasma. It is 
known that labeled dietary nitrogen is not taken up by 
passive antibody, in pronounced contrast to the appearance 
of labeled nitrogen in active antibody (cf. Heidelberger, 
1946). If antibodies are self-reproductive, this last obser- 
vation indicates that humoral antibodies are not able to 
enter the cells in which antibody synthesis occurs. Thus, 
it is probable that the relatively short duration of passive 
immunity results because the injected antibodies are unable 
to become established at sites suitable for autosynthesis, 
whereas the active antibodies of infection originate at these 
sites. 

Long-lasting antiviral immunity must find its basis in the 
enormous numbers of virus-antigens present (due to auto- 
synthesis) and their marked intracellular parasitic habit. 
Thus, for example, in the early stages of yellow fever there 
is an extremely high content of virus in the blood, as much 
as ten billion infective doses per cc. (Hughes, 1933). This 
high concentration of virus of marked intracellular habit 
results in antibodies becoming established throughout the 
antibody-elaborating cells of the organism. This is essen- 
tially the view adopted by Burnet to account for lasting 
immunity, and it is generally supported by clinical evidence. 
It will be noted that in the previous considerations of 
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immunological phenomena and in the latter alternative, 
non-nucleoprotein foreign proteins are assumed to act syn- 
thetically or autosynthetically. Such an action is reason- 
able in view of the recent data which clearly show the 
mobility of the NA in the cell. 

Indirect evidence that the antibedies act autosyntheti- 
cally is provided by the observation that over certain 
periods in the establishment of the immune state, the rate 
of antibody production often appears to be roughly propor- 
tional to the amount of antibody present in the blood at 
any instant (cf. Burnet, 1941). Antibodies do not multiply 
in the blood plasma so this observation must be a reflection 
.of the condition prevailing at the cellular or tissue-sites of 
antibody production. From this it may be inferred that 
over the period involved the antibodies are probably repro- 
ducing autocatalytically at these sites. 

Although the third alternative includes the mechanism 
of the first within its framework, it is to be noted that 
fundamentally both the initial formation and the ultimate 
maintenance of antibody have been ascribed to the same 
mechanism, namely, the autosynthesis of antigen subpro- 
teons. The only distinction lies in the fact that these sub- 
proteons are presumed to act initially in their native setting, 
the antigen proteon. 

It has been assumed that antibody production involves 
a synthesis of new globulin rather than a directed modifi- 
cation of the normal serum globulins. This is essentially 
the point of view adopted in most current hypotheses, and 
it appears to have satisfied both the chemist and the im- 
munologist (cf. Schmidt, 1944; Topley and Wilson, 1946). 
With regard to this matter, the simplest interpretation of 
the data would regard the replacement of both normal and 
immune serum globulins as secured by a similar mechanism. 
This is the superficial appearance presented in bleeding 
phenomena, since bleeding appears to act as a stimulus to 
the production of antibodies in the same sense that it acts 
as a stimulus to the production of the serum proteins in 
general; 7.e., the induction of an active response tending to 
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make good the loss sustained (Topley and Wilson, 1946). 
Furthermore, on immunization there is an increase in the 
globulin present in the serum (the total serum protein may 
increase as much as 15 per cent.), although not all the new 
globulin has in all cases been shown to be antibody (Jordan 
and Burrows, 1942; Landsteiner, 1946). This seems to call 
for an actual synthesis of immune globulins rather than a 
mere modification of the normal serum globulins. 

The Site of Antibody Synthesis. The above considera- 
tions lead one to suspect that the synthesis of antibodies 
occurs at the same tissue-sites where the normal serum 
globulins are synthesized. Sabin (1939) has presented evi- 
dence that phagocytic cells of the liver and other tissues 
may give rise to normal serum globulin through the shed- 
ding of their surface films. In the presence of an antigen, 
characteristically different globulins, namely the antibodies 
are apparently produced. It is known that particulate anti- 
gens introduced into the tissues are largely dealt with by 
the cells of the lymph nodes draining the site of injection 
(in which case an early appearance of antibody is noted at 
the lymph nodes), while cells of the spleen, liver and bone 
marrow are chiefly concerned in the disintegration of anti- 
gens which reach the bloodstream. Numerous experiments 
(cf. Topley and Wilson, 1946) have shown that removal or 
severe injury of tissues containing those cells of the reticulo- 
endothelial system which are known to remove injected 
antigenic material from the blood and tissue fluids inter- 
feres with the production of antibodies. These observations 
and other facts have led many investigators to conclude 
that antibodies are formed in these phagocytic cells (cf. 
Breinl and Haurowitz, 1930; Burnet, 1941; Jordan and 
Burrows, 1942; Perla and Mormorston, 1941; Topley and 
Wilson, 1946). On the other hand, a great deal of evidence 
also supports a lymphocytic theory of antibody formation 
(cf. Bunting, 1925, 1938; Ehrich and Harris, 1945; Rich, 
1944). In a recent paper, Ehrich and Harris (1945) have 
concluded that both the new observations and the old facts 
seem to fit into a theory of antibody formation in which the 
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lymphocytes, as well as the macrophage, play an essential 
role. The recent findings of White and Dougherty (1946) 
regarding the manner of distribution of antibodies are of 
great interest in this connection. These investigators have 
concluded that in the normal dissolution of lymphocytes, 
serum globulins are released, and that in the immune ani- 
mal the same process also releases immune globulins. 

Plant Immunity. The immunity phenomena so charac- 
teristic of animals is never observed in plants and there is 
no evidence that antiviral antibodies are produced in plants. 
The bacterial diseases of plants and animals differ in essen- 
tially the same manner so that it is likely that characteristic 
differences between these forms of life form the basis for 
this difference. 

One of the characteristic differences between plant and 
animal virus infections is that the plants usually contain 
active virus for as long as they live. Thus, it has been 
found that the plant acquires the disease and passes through 
the usual stages, and that after the symptoms have faded 
the virus is still present and fully infective to a fresh plant. 
On the other hand, the recovered plant is immune to further 
infection. Furthermore, this plant is usually immune to 
other strains of the same virus although not-to other 
viruses. It seems probable that the recovery is mainly due 
to the checking effects of X-body formation and the forma- 
tion of primary aggregates. It has been noted that both of 
these actions probably tend to halt the autocatalytic repro- 
ductive behavior of the virus, and this is evidently sup- 
pressed to a degree which permits practically complete 
recovery of the plants. It seems evident, however, that the 
clearing mechanisms of the plant are inadequate to elimi- 
nate the virus, since this is a rare occurrence. 

The immunity of plants to further infection by a virus 
or its related strains may be accounted for in the following 
manner. All the virus present in the recovered plant 
appears to be in the form of primary aggregates, since 
X-bodies are not found. These, of course, greatly reduce 
the infectivity of the material present for reasons which 
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have already been discussed. Additional virus introduced 
into the immune plant does not cause infection, since it is 
immediately adsorbed by the primary aggregates, thus, 
merely adding to the amount of the virus present in these 
aggregates. The fact that immunity from related strains is 
also conferred probably has its basis in the large number of 
antigenic groups common to various strains of the same 
virus. The variations that produce related strains do not 
appear to be essentially different from mutations, and it is 
known that the pairing of chromosomes is not noticeably 
affected by the presence of a large number of heterozygous 
genes. On the other hand, the plant is not immune to unre- 
lated strains since they possess different antigenic groups 
and thus, no appreciable attractive forces are in operation 
between the primary aggregates and the unrelated virus 
particles. 

It has been observed that the efficiency of one strain in 
preventing the multiplication of another appears to depend 
upon its ability to multiply and occupy the plant fully, for 
protection is restricted to areas in which the first strain has 
become fully established. This is in accord with the view 
that it is primarily the presence of primary aggregates of 
the established strain that confers the immunity and not 
merely an adjustment by the plant. It is also found that 
if related strains are inoculated together, both multiply, 
although they tend to settle in different parts of the leaf, 
and that mixed extracts of unrelated strains do not inacti- 
vate one another. 


Tue PH Factor 


If the pH of virus preparations is lowered below their 
pl’s, the viruses are denatured and lose their infectivity 
completely and irreversibly. Bacteriophage, also nucleo- 
protein in constitution, is instantly denatured and inacti- 
vated at pH’s below 4.7 (Northrop, 1938). Most phages 
appear to carry a negative charge within the pH range over 
which they remain active, in this way resembling viruses 
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and bacteria. Chromosomes” are also negatively charged, 
so that in general nucleoproteins appear to be unstable at 
pH’s appreciably below their pI. It has already been noted 
that the negative charge of the chromosomes appears to be 
inversely related to the amount of NA associated with 
them, so that this instability and loss of infectivity may 
be partly due to effects on the bonding of the NA to the 
protein. 

All the plant viruses for which values have been obtained 
have pl’s from 3 to 5 (Bawden, 1943). This straddles the 
pH range of 3.9 to 4.7 which Yamaha (1935) has found for 
meiotic plant protoplasm. On the other hand, Small (1929) 
in summarizing numerous earlier data has concluded that 
“the reactions of plant cytoplasm must lie somewhere be- 
tween pH 5.2 and pH 6.2, with little or no variation beyond 
these points, but with probable variations within that 
range.” More recently Chambers (1940) has found the 
pH values for many plant and animal cells to be 6.7 to 6.9 
for the cytoplasm and 7.6 to 7.8 for the nucleoplasm. How- 
ever, the study of protoplasmic pH’s is not in a very satis- 
factory state (cf. Heilbrunn, 1943) so that protoplasmic pH 
determinations can not as yet be accepted as conclusive, 
quite apart from the question of their significance. More- 
over, the pl’s of proteins as determined in vitro may only 
be considered as a qualitative indication of their pl’s in 
vivo. It is not unlikely that the proteins exist in a some- 
what different state in vivo than in vitro and this appears 
to be as true for plant viruses as for other proteins (cf. 
Bawden, 1943; Bernal and Fankuchen, 1941). Small (1929) 
has emphasized that in the living cell the proteins are 
almost sure to exist in a variety of complexes, and that 
these might exhibit a large number of partial equilibrium 
points and would tend to show isoelectric zones rather than 
sharply defined points. 


15 An in vitro determination of the pI of the giant chromosomes of 
Sciaria coprophila by Churney (1941) vielded a provisional value of 3.3 
to 3.6. Using the same technique, Duryee (1941) has found the pI of frog 
chromosomes to be 4.5. 
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In the case of animal viruses the pl’s are found to lie in 
a far more alkaline range, generally in the neighborhood of 
7.6 (Topley and Wilson, 1946). However, most of the ani- 
mal virus :pI determinations have been carried out in the 
presence of tissue proteins. In contrast, the pl of a rela- 
tively pure suspension of vaccinial elementary bodies was 
found to be between 4.3 and 4.6 (Beard et al., 1938). This 
indicates that the animal virus pI determinations are in a 
too alkaline range as a result of the presence of tissue pro- 
teins. This result also indicates that the pI of the chromo- 
somes is greater in vivo than in vitro which is more in 
accord with these considerations. While it has been assumed 
that the isoelectric zone of viruses, chromosomes, etc., is 
approached or even attained in the course of the phenomena 
that have been discussed, it should be emphasized that 
changes in coulomb repulsion are the essential concern, it 
being more or less beside the point whether the coulomb 
charge is ever reduced to zero. 

The fact that the plI’s of plant viruses lie in a far more 
acid range than do those of animal viruses tends to indicate 
a greater acidity of plant protoplasm and there are other 
considerations that support this view. The non-infectivity 
of plant viruses against animals may be due to the greater 
alkalinity of animal tissues, inasmuch as plant viruses may 
not encounter isoelectric tissues in the animal, so that repro- 
duction is not possible. On the other hand, the same factor 
would facilitate the antigenic action of the animal-inocu- 
lated plant virus, for the production and elaboration of 
antibodies probably can only occur in relatively non-iso- 
electric tissues. 


CONCLUSIONS 


Phenomena associated with chromosomes, foreign pro- 
teins and viruses are discussed. The chief factors that 
appear to determine the course of these protein-associated 
phenomena are: the action of long- and short-range specific 
attractive forces, the saturation of these forces through 
particle association, coulomb repulsion, the brownian veloc- 
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ity of the particles, the pH of the protoplasmic medium, 
the isoelectric points of the particles concerned and the 
availability of energy (presumably from nucleic acid me- 
tabolism) and building blocks from ancillary processes. 

The following relationships are suggested: 

It is the action of a long-range specific attractive force 
which, in conjunction with specific short-range attraction, 
brings about the adsorption of the building blocks for gene 
and metabolite synthesis to the templet-sites of synthesis 
in the chromosome. The elaboration or ejection of the 
metabolite molecules from the templets at which they are 
synthesized, occurs as a result of the coulomb repulsion 
between the templets and the synthesized metabolite 
molecules. 

In the duplication of chromosomes, and in metabolite 
synthesis by chromosomes, essentially identical substances 
are produced. In the former process, pH changes accom- 
panying cell division reduce the coulomb repulsion so that 
these substanees remain adsorbed to the chromosomic tem- 
plets and become united to form a daughter chromosome. 
In the latter process the pH is such that the synthesized 
particles are automatically ejected from the sites of syn- 
thesis. 

Antigens utilize normal metabolic processes of the host’s 
cells to synthesize partial replicas of themselves, these form- 
ing the antibodies. The elaboration of the antibodies from 
the antigenic templet-sites of synthesis parallels metabolite 
elaboration. The antigen can only effect the synthesis of 
those of its subunits which resemble subunits of the host’s 
proteins, since the ancillary synthetic mechanisms of the 
host are too specific to be converted to the synthesis of 
foreign subunits. 

The role of antibody in recovery and immunity depends 
upon an aggregation reaction with the antigen, leading to 
the formation of synthetically inert complexes which are 
eliminated by clearing mechanisms. The aggregation of the 
antigen with antibody is brought about by long-range spe- 
cific attractive forces and occurs at sites where the proto- 
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plasmic pH induces lesser coulomb repulsion between these 
particles than exists at the sites of antibody synthesis and 
elaboration. 

Antibodies are capable of self-reproduction, so that once 
formed they can persist independently of the antigen. The 
immune state wanes as normal globulin synthesis displaces 
the competing process of antibody autosynthesis. Antibody 
production by both nucleoprotein and non-nucleoprotein 
antigens and antibody self-reproduction take place in the 
globulin producing cells. 

The self-reproductive capacity of viruses is the result of 
the possession of a nucleic acid complement sufficient to 
insure the ancillary synthetic mechanisms for protein syn- 
thesis which parasitism on the host’s metabolic processes 
does not provide. The reproduction of viruses is confined 
to tissues where the synthesized subvirus units are not 
elaborated from their templets but remain adsorbed to 
become united in the formation of the daughter virus 
particle. Because of this the daughter particle remains in 
association with the parent virus, and the continuation of 
this process leads to the formation of larger aggregates. 
These aggregates are the well-known inclusion bodies of 
viral infection. The inclusion bodies are synthetically inert 
since the long-range force of attraction becomes saturated 
in the large aggregate so that building blocks for further 
synthesis are no longer adsorbed. 

The relatively lasting immunity conferred by viral infec- 
tions results because the antibodies become established 
throughout the globulin producing cells. Passive immunity 
is of relatively short duration, since the injected antibodies 
are unable to become established in cells suitable for auto- 
synthesis, whereas the active antibodies of infection origi- 
nate at these sites. 

Plant immunity is conferred by the persistence of the 
virus in relatively inactive aggregates. New virus gaining 
access to the plant is adsorbed to these aggregates under the 
action of specific attractive forces and inactivated by the 
association. 
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MISCELLANEA MEGADRILOGICA 


DR. G. E. GATES 


Museum or Comparative Zootocy, HArvarp UNIVERSITY 


I 
“Do EARTHWORMS GROW BY ADDING SEGMENTS? ” 


THE usual answer, in the past, to the question quoted 
as title of this note, has been in the affirmative. Produc- 
tion of new segments has even been said to be continuous 
(Hyman, 1940, p. 522), presumably throughout life. Al- 
though all such answers appear to have been expressions of 
a rather widely held opinion, there is little supporting evi- 
dence in the literature. 

A negative answer to the question, in recent years, has 
increasingly been asserted. Indeed, the negative occasion- 
ally has been converted into this positive——just hatched 
juveniles already possess their full complement of segments 
(Moment, 1946, p. 492). Authorities, when cited, have 
been Sun and Pratt (1931). 

The raw data of Sun and Pratt were measurements and 
segment counts of 750 specimens supposedly all of Helo- 
drilus foetidus = Eisenia foetida (Savigny) 1826. The 
material was in three samples (of 250 each): (1) just 
hatched juveniles, (2) immature intermediates between the 
first and the next groups, and (3) mature (clitellate) 
worms. Number of segments in those three groups respec- 
tively was as follows: 37-136, mean 99.65; 59-125, mean 
105.5; 67-124, mean 105.0. 

Juveniles having more segments than the adults also had 
been recorded by Morgan (1895) and in the same species. 
Number of segments 84-106, average of 97 segments for 
forty adults, and 67-111, average of 92.5 segments for 
twelve just hatched juveniles. Morgan passed over that 
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curious situation without comment. Sun and Pratt con- 
sidered the problem and concluded that individuals with 
the larger numbers of segments were selectively eliminated 
before maturity. 

Certain casual references to internal anatomy and regen- 
eration indicate a possibility of presence of some other 
species in Morgan’s material. The Sun and Pratt cocoons 
are now known to have been obtained from an uncontrolled 
compost heap in which at least four species were present 
(vide II). All of those species fall within the foetida size 
range and criteria for distinguishing their cocoons from each 
other and those of foetida are still unknown. Almost as 
difficult would have been taxonomic identification of just 
hatched juveniles. No evidence has been found to indicate 
that any of the above-mentioned authors attempted spe- 
cific identification of their cocoons or juveniles or took such 
precautions as would render that identification unnecessary. 

Sun and Pratt recognized a four per cent. contamination 
by a second species in their adult sample but suggested that 
difference in breeding habits might have provided taxo- 
nomic homogeneity for one or both of the other samples. 
Very little is known, even today, about life histories of 
earthworms, and still less as to possible effects thereon of 
such special habitats as are provided by various sorts of - 
compost heaps. Accordingly it appears to be theoretically 
possible that percentages of contamination were higher in 
other series and especially in the intermediate one which 
was collected at a later date than the other two samples. 

At conclusion of the breeding season the clitellum re- 
gresses and it may become, in certain conditions, completely 
unrecognizable in a period as short as one week. Accord- 
ingly the supposedly intermediate sample could have con- 
tained worms that had previously been sexual and even at 
the time the clitellate sample was being collected. 

Individuals of FE. foetida have lived in the laboratory, 
after operation, for more than four years (Korschelt, 1914). 
Thus it could have been possible that both the intermediate 
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and the mature samples contained worms that were two or 
even more years old. 

The adult sample, according to the data provided (vide 
II), apparently comprised at least four species. Possibility 
of presence of still other species even more liable to mis- 
identification can not be ruled out in the circumstances. 
One of the probable and two of the possible contaminating 
species have greater numbers of segments than foetida. 

In spite of the fact that Sun and Pratt have been credited 
with showing that earthworms hatch with the full comple- 
ment of segments, their own conclusions were more cau- 
tiously stated. ‘“ From the data presented it seems clear 
that it is not safe to assume that H. foetidus continues to 
add new segments from the time of emergence from cocoons 
until sexual maturity is reached. . . . Obviously the prob- 
lem can not be definitely settled until young worms with 
a definite number of segments can be grown to maturity 
and recounted” (Sun and Pratt, 1931, pp. 46-47). 


SUMMARY 


Taxonomic heterogeneity of the adult sample, with possi- 
bilities of less or greater heterogeneity in the other two 
samples, theoretical possibilities of considerable age hetero- 
geneity in both immature and mature samples, necessitate 
confirmation of any conclusions, either as to role of segment 
formation in growth or as to specific norms in E. foetida, 
derived from analysis of the Sun and Pratt statistics. 


II 


ON THE EARTHWORM FAUNA OF AN OHIO 
Compost Hrap 


The heap is that from which Sun and Pratt (1931) 
secured material for study of segment formation in normal 
growth (vide I) and for determination of species character- 
istics by statistical analysis. 

All the 750 worms measured at first were thought to be 
E. foetida. Apparently during study of the raw data it was 
found that ten clitellate specimens were of another species 
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called Helodrilus subrubicundus = Dendrobaena s. (Eisen) 
1874. On each of those ten worms the clitellum covered 
eight segments, xxli-xxix. As the clitellum of subrubicunda 
begins only on xxv or xxvi the worms were misidentified. 

Two North American Lumbricid species do have a clitel- 
lum on xxli-xxix: Bimastos tumidus (Eisen) 1874 and B. 
hempeli Smith 1915. Both have been recorded from Ohio. 
Both have been reported from similar habitats, under moss 
and leaves, in decaying leaves, under bark of decaying logs, 
in rotten wood. Either species could have been present if 
the compost heap was mainly or wholly composed of de- 
caying leaves. Balance of probability seems in favor of 
hempeli, if the two forms are really specifically distinct. 

In the rest of the clitellate sample (240 specimens) num- 
ber of clitellar and preclitellar segments was 4-10 and 
23-28, respectively. In E. foetida, according to the data 
otherwise available, number of segments is 6-9 but six and 
nine both uncommon, and 25-26, only rarely 24, possibly 
very rarely 23-but requiring confirmation. Are there spe- 
cies with a clitellum of 4, 5, or 10 segments, having 23, 27, 
or 28 preclitellar segments; that might have been confused 
with EF. foetida? 

A four-segment clitellum is known, in American species 
of the family Lumbricidae, only in the genus Evseniella. 
All American varieties have, at most 22, usually fewer pre- 
clitellar segments. Furthermore all are limicolous and 
therefore unlikely to have been present in an ordinary 
compost heap. A five-segment clitellum may be present 
in Dendrobaena octaedra (Savigny) 1826 and D. rubida 
(Savigny) 1826. A ten-segment clitellum may be present 
in Bimastos longicinctus Smith and Gittins 1915, Hisenia 
hortensis (Michaelsen) 1890, and Allolobophora chlorotica 
(Savigny) 1826. In those species, number of preclitellar 
segments may be 23 or 24 in longicinctus and hortensis, 
27 or 28 in octaedra and chlorotica. 

Each of those species may have a red color as marked as 
that presumably responsible for early failure to distinguish 
hempeli. All species fall within the foetida size range (to 
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130 x 5mm.). All have been recorded from Ohio, except- 
ing rubida only. All, with exception of longicincta and 
hortensis, have now been reported from compost heaps 
(vide III). 

However, the problem is further complicated by the fact 
that still other species have a similar red color, are known 
both from compost heaps and from Ohio, and fall within 
the size range of foetida. Two such species, Hisenia rosea 
(Savigny) 1826 and D. subrubicunda, have the clitellum on 
the same segments as foetida. 

Segment number of all above-mentioned species falls 
within the foetida range (to 125), with exception of longi- 
cincta, chlorotica and rosea in which known maxima are 
130, 135 and 150, respectively. j 


SUMMARY 


The data of Sun and Pratt indicate that four species, at 
least, were present in the adult sample. Balance of proba- 
bility among various recognizable possibilities favors B. 
hempeli, A. chlorotica, D. octaedra. Presence in the sam- 
ple, of species with a clitellum on thé same segments as in 
foetida, would not have been indicated by the data. Yet 
those species appear to be even more liable to such mis- 
identification. 


EARTHWORM FAUNAE OF Compost HEAPS 


Compost heaps, if of manure, may contain only one spe- 
cies of earthworm, LE. foetida. Asa result, and perhaps also 
because of common reference to foetida, as “ the manure 
worm,” there has been a rather general tendency to assume 
that almost any manure pile will contain foetida, and that 
all worms, at least of red color, in such piles are foetida. 
To check on such assumptions and to provide information 
with regard to compost heaps as uncontrolled sources of 
cocoons, the data presented below were accumulated. 

In each of five manure piles (4 cow and 1 horse) in Han- 
cock County and three (cow) in Cumberland County, Me., 
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the following species were found: Dendrobaena rubida,' D. 
subrubicunda,' D. octaedra, Allolobophora caliginosa, Lwm- 
bricus terrestris. In four Hancock County and three Cum- 
berland County manure piles (cow and horse) no earth- 
worms were found, although piles appeared to be of about 
the same age and condition as those with worms. In one 
pile only (cow), in Cumberland County, was E. foetida 
present and abundant. In that pile no other species was 
present. 

In a pile of rotting leaves in Cambridge, Mass., the fol- 
lowing species were found: A. caliginosa, EF. foetida, D. sub- 
rubicunda, Bimastos tenuis, Lumbricus castaneus and L. 
terrestris. 

In a pile composed of turf, grass, hay, garbage, etc., in 
Windsor County, Vt., the following species were found: 
A. caliginosa,' Eisenia rosea,' D. octaedra,' and L. terrestris.’ 
In four large manure piles (cow) in the same locality no 
earthworms were found. 

From a Fairfax County, Va., manure pile (cow) several 
specimens of A. chlorotica* were secured, in addition to a 
number of EF. foetida. The preserved specimens of chlo- 
rotica show no indication whatever of a supposedly charac- 
teristic green color but instead have a red pigment. 

In manure brought from Lincoln County, Me., in which 
only EF. foetida was found, it was possible, with some care, 
to separate the cocoons into two groups according to size. 
Cocoons failed to hatch, but the larger ones almost certainly 
are not of FE. foetida and possibly are of A. caliginosa. 
Cocoons obtained from Hancock and Cumberland heaps in 
June likewise were separable into two groups, one possibly 
of caliginosa, the other presumably of Dendrobaena sp. 
The latter doubtless would have been very difficult to dis- 
tinguish from those of foetida if in the same medium. 
Whether large foetida cocoons are distinguishable from 
small caliginosa cocoons remains to be determined. — 

The author’s thanks are extended to Professor John Welsh 


1 Not hitherto recorded from the state. 
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for the Lincoln County manure and to Mrs. E. D. Oliver 
for collecting the Fairfax County worms. 


SUMMARY 


Seven species of earthworms, found in compost heaps: 
D. rubida, subrubicunda and octaedra; D. octaedra, A. 
caliginosa, E. rosea, L. terrestris; A. chlorotica; are recorded 
for the first time from the states of Maine, Vermont and 
Virginia, respectively. 
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IV 
NEGLECTED FAcToRS 


The problem of whether earthworms form new segments 
alter hatching has been studied hitherto by analysis of sta- 
tistics of number of segments and measurements of length. 
To obtain evidence more directly, examination of posterior 
ends of all available material was made a matter of routine 
practice for several years. 

In every one of a considerable number of species some 
individuals had no externally recognizable metameric rudi- 
ments such as would indicate presence of a growth zone. 
All such worms, in many of the species, were characterized 
as follows: 

The terminal segment was as large as those preceding 
and in colored species had pigment about as dense as on 
other metameres. Setae were approximately the same in 
size, number and position as in those segments in front. If 
nephropores were recognizable elsewhere they were also 
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visible on the terminal segment. The anal aperture usually 
seemed larger and with more irregular margins than ordi- 
narily. Occasionally an anus was abnormal or even absent. 

Each worm was always shorter to much shorter than the 
maximum length of the species and the number of segments 
was always smaller to very much smaller than the specific 
maximum. Yet body thickness and segment length, along 
the whole axis, were definitely greater than in other worms 
of the same length, occasionally the same as in the very 
largest mature specimens. 

Each of such worms undoubtedly had undergone ampu- 
tation of a posterior portion of its body. In the majority of 
cases appearance was such as to suggest that cut margins 
of gut and body wall had united directly (enteroparietal 
healing), so th .t a normally setigerous segment had become 
anal. Assumption of that new role apparently produced 
no externally recognizable changes in the metamere in a 
great majority of the worms. In some individuals of several 
species of Eutyphoeus the terminal segment had lost some 
setae and size after amputation. More rarely one or two 
segments in front had also decreased in size. 

In forty specimens of Perionyx simlaensis (Michaelsen) 
1907, posterolateral margins of a terminal, setigerous seg- 
ment apparently turned mesially to form a vertically slit- 
like anus on the posterior face of the worm. Separation of 
those margins showed only a concave depression, the floor 
of which was mainly white. More or less centrally in that 
white area, in some worms, was a very small circular open- 
ing into the gut. 

The white tissue clearly was a cicatrix formed across the 
posterior surface after amputation (cicatricial healing). 
The small cicatricial perforation presumably represented an 
early stage in formation of an anus. In other species a later 
stage of cicatricial sculpturing showed a vertically slit-like 
anus and cicatrix reduced to a narrow, ribbon-like perianal 
band. Laboratory observations have showed that during a 
period of such cicatricial sculpturing and for some time 
afterward there was no growth. Later, in some species, and 
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in certain conditions, the perianal band slowly grew into a 
tail regenerate. 

If the cicatrix remained imperforate a different sort of 
development may follow, at least in the laboratory. Setae 
fall out of the cicatrized segment which grows smaller until 
it is reduced, occasionally with one or two metameres next 
in front, to microscopic rudiments on the posterior face of 
the worm. 

Postamputation developments accordingly may be either 
of a progressive or regressive nature. Recognition of the 
latter suggested explanations as to two classes of doubtful 
specimens frequently encountered. 

In one of those classes worms differed from unregenerate 
amputees described above mainly as follows: Size of the 
last two to four or five segments decreased posteriorly and 
irregularly, not gradually as in normal specimens. Setae 
usually were wholly or partly lacking and when present 
often appeared to be large for size of segment. In peri- 
chaetine species setae were scattered or in one or more 
patches. Anus always present. These worms apparently 
can be regarded as unregenerate amputees unevenly affected 
in a limited number of posterior segments by regressive 
reorganization. 

In a second class regression may be responsible for the 
condition of the anterior three to five segments in a ter- 
minal region of five to eight segments, but other develop- 
ments seem necessary to explain condition of the last two 
or three segments. Laboratory studies (on other species) 
indicated that there might be involved one or more of the 
following processes: dedifferentiation, reorganization of two 
or three segments from one (or perhaps two) dedifferenti- 
ated segments, very slow regeneration of one to three seg- 
ments. As in the previous class, amputation apparently 
preceded whatever developments were responsible for the 
unusual conditions. 

Percentages of unregenerate amputations in a few series 
collected during war years (much data of a similar nature 
lost in Rangoon) are shown in Table I. Percentages ob- 
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TABLE I 
PERCENTAGE OF UNREGENERATE POSTERIOR AMPUTATIONS 


= 
oa Sas 
Species Locality Condition «6 
52 596 
ma 
Eutyphoeus incommodus Rae Bareli clitellate . 210 63 30.0% 1 
Es oh Lahkaoti clitellate 90 4 4.4% 1 
nicholsoni Allahabad clitellate .. 60 10 16.6% 1 
waltoni clitellate .. 110 9 8.1% 1 
Lampito mauritii Robertsganj juvenile to 
clitellate 834 6 7% 2 
Sohagi juvenile to 
clitellate 616 18 2.9% 2 
Perionyx sansibaricus Allahabad 
(October) 4,126 146 8.5% 2 
simlaensis Saharanpur large 
juvenile 477 40 8.3% 2 
Eisenia foetida Darjiling juvenile to 
clitellate 711 28 3.9% 2 
Allolobophora caliginosa Simla adult .......... 179 9 5.0% 2 
Pheretima hawayana Gangtok clitellate .. 42 7 16.6% 3 
: diffringens Darjiling juvenile to 
clitellate 145 27 18.6% 3 
“ robusta Darjiling juvenile to 
clitellate 42 6 14.2% 3 


tained when tail regeneration is also included as evidence 
of amputation are shown in Table II. All cases of the two 
classes considered just above were omitted from both tables. 

Amputation may take place at any time after hatching. 
In 11 juveniles of Perionyx sansibaricus Michaelsen 1891, 
bred in the laboratory, three lost posterior portioris early in 
the first week after hatching. Specimens of Lampito 
mauritii Kinberg 1867 about one mm. thick that had al- 
ready undergone amputation were found and some of them 
already had caudal regenerates. Specimens of Fisenia 
foetida (Savigny) 1826 two mm. thick or slightly smaller, 
with well-developed tail regenerates were collected. 

In Table II it has been possible to present some of the 
data in age groups determined according to size, or the state 
of development of certain reproductive structures. These 
groupings show a general tendency for percentage of ampu- 
tation to increase with age.’ That tendency is well marked 
in a series of L. mauritii (Robertsganj) in which juveniles 
were quite arbitrarily separated into two groups according 
to size. In P. simlaensis a further grouping of adults 
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according to clitellar characteristics was possible. The per- 
centages are as follows: 


Small juveniles : cent. amputees 
Large juveniles 28.7 per cent. 
Presexual aclitellates 36.3 per cent. 
cent. 
ar cent. 


Although total percentages of amputation by species may 
seem high even greater have been found. In a collection 
secured from axils of plantain leaves at Darjiling every 
specimen—E. foetida, Pheretima diffringens (Baird) 1869— 
had undergone a posterior amputation. (No anterior 
amputations. ) 

If all specimens of the two special classes considered 
above are in reality amputees, as they do appear to be, then 
in a number of Himalayan collections one hundred per cent. 
of the material of three species of Pheretima had undergone 
amputation. 

The higher’ percentages in Table I for species of Eu- 
typhoeus seem to be associated with inability to regenerate 
posteriorly. Each of the specimens in that table was ex- 
amined with special care but without finding any indication 
of regeneration. Nor were tail regenerates found in course 
of identification of more than 9,000 specimens during a 
three-year survey of fauna of a region centering at Alla- 
habad (Gates, 1945). Still larger numbers of specimens 
had been identified during a twenty-year survey of the 
Burmese fauna but without finding tail regenerates. In 
many Burmese and Indian species of the genus a regenerate 
should have been easily recognizable because of the dark 
pigmentation of unregenerate regions. Contrary then to 
the general belief (Hyman, 1940, p. 513) some species of 
earthworms appear to be unable to regenerate posteriorly. 
Among such species the common Lumbricus terrestris L. 
apparently must be included. 

In reports on determinations of segment number in such 
earthworm species as FE. foetida (Morgan, 1895; Sun and 
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Pratt, 1931; Moment, 1946; etc.) and ZL. terrestris (Pearl 
and Fuller, 1905), there is nothing to indicate that natural 
amputation and its effect on segment number were taken 
into consideration. Some of the skewness in the graphs of 
segment number (Pearl and Fuller, Sun and Pratt) doubt- 
less was due to presence of amputees. 

In fact it now seems quite probable that those specimens 
of L. terrestris in the third to fifth length class which 
puzzled Pearl and Fuller because of the relatively small 
number of segments were amputees. Instead then of being 
younger and still growing slowly they may well have been 
among the oldest in the sample and quite unable to grow 
because of inability to regenerate. Frequency of amputa- 
tion may have been responsible for failure to find in the 
Ann Arbor sample individuals approximating maximal 
records of body length and segment number for the species. 

Except for omission of any mention of the matter in 
previous studies it would appear to be unnecessary to 
emphasize the fact that a worm lacking a portion of its 
main axis is just as abnormal as a lizard without its tail or 
a man without his legs. Lest percentages of amputations 
recorded above from Oriental samples be attributed to some 
local peculiarity of no general importance it may be here 
noted that not only in India are earthworms attacked by 
mammals, birds, reptiles, amphibia, arthropods and mol- 
luses. In each recently-examined collection of American 
material amputees (regenerate and unregenerate) have 
been present. 

Amputations may also be due to an internal enemy. 
Keilin (1925, p. 171) pointed out that brown bodies con- 
taining gregarine cysts and nematode larvae accumulate in 
the coelomic cavities of the posteriormost segments as a 
result of which a posterior portion of the body is broken off. 
As his term “ parasitic autotomy ” may be thought to have 
implications of direct action by parasites on hosts it should 
be noted that the autotomy appears to be a reaction to the 
mechanical pressure of the accumulations. In coelomic 
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accumulations at the posterior end of Oriental earthworms 
the writer has found masses of unconsolidated gregarine 
cysts, spores, nematode ova, as well as the brown bodies 
which occasionally contained immobilized dipterous larvae. 
Similar accumulations, giving the last few segments a char- 
acteristic appearance, have been observed frequently in 
American earthworms, most recently in those from the com- 
post heaps mentioned in III. Some evidence is available 
to indicate that autotomy may result from direct action of 
certain dipterous larvae. Autotomy, independent of para- 
sites, is also possible as some who have tried to keep earth- 
worms in the laboratory have discovered to their conster- 
nation. 


SUMMARY 


Posterior amputation may occur naturally in all post- 
embryonic stages of the life history of earthworms. Fre- 4 
quency increases with age, sometimes reaching one hundred 
per cent. After amputation healing may be enteroparietal 
or cicatricial. In the latter case subsequent developments 
may be either progressive or regressive. Some species 
apparently are unable to regenerate posteriorly. 
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DIFFERENTIAL PRECOCITY AT MEIOSIS IN 
DROSOPHILA 


DR. P. C. KOLLER 


Cuester Beatty RESEARCH INSTITUTE, 
Royat Cancer Hospitar, Lonpon 


1. INTRODUCTION 


Drosophila miranda Dobz. is peculiar in respect of its 
chromosome set in that the female has 10, while the male 
has only 9 chromosomes. Three of the nine have been 
identified by Dobzhansky (1935) as the sex chromosomes. 
While two of the largest chromosomes with submedian 
centromeres represent the usual XY complex, the third sex 
chromosome, designated X”, is much smaller and, like the 
autosomes, it has a terminal—or almost terminal—centro- 
mere (Plate I, 1). Thus the sex-determining mechanism of 
the male D. miranda consists of three chromosomes, namely 
the X’, X” and Y. The extensive breeding tests carried out 
by Dobzhansky (1935) have shown that only two kinds of 
sperms are effective: those with X’X”, and those with Y. 
The behavior of the three sex chromosomes proved to be of 
a unique character. This had been expected, for in other 
species while the sex chromosomes form reciprocal chias- 
mata, the autosomes pair by quadruple chromatid attrac- 
tion (Darlington, 1936). 

Chromosome structure and behavior in another strain of 
D. miranda (called Whitney) was investigated by the 
author (Koller, 1939) (Plate I, 2). This strain was derived 
from flies collected by Professor Th. Dobzhansky near the 
locality of Mount Whitney, California, while the first strain 
was collected in the state of Oregon on the Olympic Moun- 
tains. Owing to the lack of information concerning the 
influence of environmental factors on meiotic chromosome 
behavior in miranda, the cytological basis of X’X”-Y segre- 
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1. Mitotic chromosomes of male Drosophila miranda, Olympic strain. 
The two large chromosomes with sub-median centromeres represent the 
X’ and Y. X” is one of the rod-shaped chromosonies. Magnification 
x 1500. 

2. Mitotic chromosomes of male D. miranda, Whitney strain. The small 
dot chromosomes, representing the third autosomal pair, are not visible. 
(Figs. 1 and 2, squash preparation from ganglia, stained with acetic- 


lacmoid.) Magnification x 1500. 
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gation was not understood clearly at the time when Dobz- 
hansky (1935) and Koller (1939) described the new species. 

During studies of spermatogenesis in the Whitney strain 
and in the crosses between Whitney and Olympic, however, 
I had found indications that temperature, and perhaps the 
age of the flies, may influence the association of chromo- 
somes at meiosis, which is indeed highly variable. Further 
investigations were therefore carried out and some of the 
results were demonstrated during the Seventh International 
Congress of Genetics at Edinburgh in August, 1939. Owing 
to the outbreak of the second World War, however, which 
followed the closing of the Congress, the publication of the 
results was postponed until such time as the author con- 
sidered opportune. The data which will be presented below 
were obtained while the author was a member of the staff of 
the Institute of Animal Genetics, University of Edinburgh. 


2. TEMPERATURE AND CHROMOSOME BEHAVIOR 


During spermatogenesis of D. miranda bred at 24° C., 
there is always a high number of spermatocytes in meta- 
phase I with three free sex chromosomes; the stage of 
meiosis having been identified by the behavior of the two 
large autosomal chromosome pairs. The presence of free 
sex chromosomes and associated autosomes in the same cell 
can be due, either to lack of pairing between the sex chro- 
mosomes during the preceding prophase, or to a separation 
of the associated sex chromosomes in advance of the auto- 
somes. At the time of the first investigation (1939), the 


3. Anaphase I of meiosis from pupae bred at 16° C., showing the syn- 
chronous segregation of sex chromosomes and autosomes. (Section stained 
with Feulgen’s method and counterstained with acetic carmine.) Magnifi- 
cation x 1500. 

4, Spermatocytes from pupae bred at 24° C., showing the lack of syn- 
chronization between the behavior of sex chromosomes and autosomes. 
Magnification x 1300. 

5. Spermatocytes from 5-day old fly bred at 16° C., showing precocious 
separation of the sex chromosomes. (Figs. 3-5 are sections stained with 
Feulgen’s method and counterstained with acetic carmine.) Magnification 
x 1300. 
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former possibility was considered to be responsible for the 
high frequency of spermatocytes with “ free” sex chromo- 
somes. Configurations were seen however, some of which 
were illustrated (cf. Koller, 1939, Figs. 20, 24, 26, 28, 31, 32, 
34, 35), suggesting that the sex chromosomes associate and 
form a trivalent during meiosis. 

Chromosome behavior of D. miranda bred at 24° and 
16° C. was compared and the effect of temperature is sum- 
marized in Tables 1 and 2. In a variable proportion of 


TABLE 1 
CHROMOSOME CONFIGURATION OF X/X/Y CoMPLEX IN 100 SPERMATOCYTES 
aT 24° C (2-DAY PUPAE) 


; No. of spermato- No. of sper- 
No. of sper- a cytes with sex biva- matocytes Total 
Strain matocytes lent and univalent sex no. of 
not on Chromosome sperma- 
analyzed X/Y-X” univalents tocytes 
8. (Fig. 3) (Fig. 5) (Fig. 8) 
Olympic . 17 87 22 8 16 (8) * 100 
Whitney . 8 89 38 5 20 (7) 100 
Oo? xWd 21 12 33 7 27 (1) 100 
Percentage 18.3 26.8 30.0 5.0 ae 


* No. of spermatocytes with all sex chromosomes mis-oriented. 


TABLE 2 q 
CHROMOSOME CONFIGURATION OF X/X/”Y COMPLEX IN 100 SPERMATOCYTES 
AT 16° C (2-DAY PUPAE) 


: No. of spermato- No. of sper- 
Strain om | with — Jent and univalent with sex sperma- 
analyzed trivalent tocytes 
Olympic 16 53 27 4 100 q 
Whitney 24 40 18 15 100 : 
O02 xwWwe 19 36 25 14 6 (2) * 100 
Percentage 21.2 42.0 21.7 10.7 | Se 


spermatocytes, the chromosome configuration could not be 
analyzed and scored separately. It is very probable that 
many of these configurations were trivalents with chromo- 
somes so closely associated as to be indistinguishable. The 
data show that the number of spermatocytes with a recog- 
nizable sex trivalent (Fig. 1) is much greater, and with 
three “ unpaired” or “ free’’ sex chromosomes (Figs. 8, 9) 
much smaller, at 16° C. than at 24° C. The orientation of 
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* No. of spermatocytes with all sex chromosomes mis-oriented. 3 
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Fics. 1-9. Camera lucida drawings of spermatocytes of Drosophila 
miranda, showing the various configurations of the sex chromosomes NX’, 
X” and Y during meiosis (Figs. 1-5 at 16° C., Figs. 6-9 at 24° C.). (Squash 
preparations stained with orcein.) Magnification x 1500. 
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the “free” sex chromosomes has shown a quantitatively 

normal 2-1 distribution. This fact strongly suggests that 

they were paired previously. Out of the 1,200 spermato- 

cytes analyzed, only 2.4 per cent. had mis-oriented free X’, 

X” and Y (combined data of Tables 1, 2 and 3). In these 
TABLE 3 


CHROMOSOME CONFIGURATION OF X’X’”Y COMPLEX IN 100 SPERMATOCYTES OF PUPAE (P) 
AND ADULT FLIES (A) BRED AT 16° C 


3 No.of sperma- 
Strain Age age univalent 
os "Y-X" X”Y-X’ Ss ov 
Olympic Pupae . 21 43 24 10 2 100 7 
Whitney Pupae 25 58 10 2 5 100 4 
Percentage 23.0 50.5 17.0 6.0 3.5 
Olympic Adult .. 17 24 30 17 12 (2) * 100 22 
Whitney Adult .... 19 36 18 13 14 (4) 100 18 
Percentage .......... 80.0 24.0 15.0 13.0 


| 


* No. of spermatocytes with all three sex chromosomes mis-oriented. 


sls the sex chromosomes no doubt had failed to pair dur- 
ing meiotic prophase. It seems, ‘therefore, that the three 
sex chromosomes pair during meiotic prophase and meta- 
phase, but at high temperatures, the precocious anaphase 
noted by Darlington (1934) to be a property of the sex 
chromosomes (which undergo a true meiosis) is exaggerated, 
thus obscuring their pre-metaphase relationship. When 
flies are bred at 16° C., however, the duration of association 
of the sex chromosomes is almost as long as that of the 
autosomes, 7.e., the onset of anaphase stage is simultaneous 
for both types (Plate I, 3). 

It was observed that irrespective of temperature differ- 
ences, the X” separates more frequently from the trivalent 
configuration than either of the larger sex chromosomes 
(Figs. 2, 3,4). The class of spermatocytes in which one of 
the large sex chromosomes (presumably X’) was free while 
the other was associated with the small X” (Fig. 5) is scored 
separately in the tables. 


3. AGE AND CHROMOSOME BEHAVIOR 


Slight individual variations in the frequencies of different 
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chromosome configurations were noticed previously. The 
number of flies in each age group, however, was too small to 
show significant differences (cf. Koller, 1939, Table IV). 

In the present study the age groups were more clearly 
defined by selecting 2-day-old pupae and 5-day-old adult 
males bred at 24° C. and 16° C. Many more adult flies 
were of course required to obtain the necessary 100 sperma- 
tocytes for analysis than pupae. Table 3 contains the data 
obtained from pupae and adult flies bred at 16° C. only; 
the data of 24° C. having been lost during the war. The 
proportion of spermatocytes with one or all three sex chro- 
mosomes unpaired was smaller in pupae than in adult flies 
(26.5 per cent. and 52.0 per cent., respectively) (Plate I, 
4, 5). 

The comparison of data suggests that the precocity of sex 
chromosomes during meiosis is more exaggerated in adult 
flies than in pupae, 2.e., the duration of chromosome associ- 
ation is reduced in the former. The influence of age is dis- 
cernible in spite of the effect of low temperature, which 
tends to reduce the precocity of the sex chromosomes. 


4. Tue Metruop or PAIRING OF THE SEX 
CHROMOSOMES 


The data presented above leave no doubt that the three 
sex chromosomes of D. miranda are associated during mei- 
otic prophase and metaphase and form a trivalent, as was 
postulated by Darlington (1936).' My data suggest that 
the duration of this association varies with temperature and 
age. The shape of the trivalent and breeding tests together 
indicate that the two X’s separately pair with the Y and 
separately disjoin from it, leading to the formation of Y and 
X’X” gametes only. It seems that the configuration of the 
two large sex chromosomes of D. miranda is very similar to 
that described by Darlington (1934) in Drosophila pseudo- 
obscura. He showed that the X and Y chromosomes are 


1 Cytological evidence for this was provided by Cooper (Genetics, 1946; 
31: 181-194). 
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paired by two reciprocal chiasmata near the centromere, a 
view since supported by genetic evidence (Mather, 1943). 
From this similarity it may be inferred that the metaphase 
association of X’Y in D. miranda is similarly brought about 
by two reciprocal chiasmata. In all the 436 sex trivalents 
analyzed the same arm of the Y pairs with X’ and with X”; 
the latter is associated near the distal end. It seems, there- 
fore, that X’ and Y have one single pairing segment; in this 
respect, D. miranda differs from D. pseudoobscura in which 
the X and Y chromosomes have two pairing segments, one 
in each arm. Only two spermatocytes were seen in which 
the free arm of Y might have been paired with X”. In both 
instances, which may be considered to be exceptional, the 
X” was attached to the Y chromosome at the distal end. 
But whether terminal or intercalary the association never 
resembled a chiasma, it always resembled the parallel pair- 
ing of the autosomes. There are two facts which can be 
reconciled with this interpretation: (a) trivalent configura- 
tions were seen in which the X” showed “reversed ”’ pairing, 
the X” and Y pairing segments being associated in an in- 
verted sense (Fig. 7); (b) the frequency of precocious sepa- 
ration of the X” from the trivalent is much higher than 
that of the X’ chromosomes. If the association between 
X” and Y were of the same type as that between X’ and Y, 
i.e., by true chiasmata, the incidence of “free” X’ and 
X” should be the same, which is not the case. It can be 
assumed, therefore, that the X”-Y association is of a differ- 
ent nature from that existing between X’ and Y. It resem- 
bles that of the autosomes, but the pairing region being 
extremely short—hence the apparent inversion and hence, 
also, the premature separation. 

It is concluded, therefore, that the Y chromosome of D. 
miranda has two kinds of pairing properties during meiosis: 
it pairs by two reciprocal chiasmata with X’ and by quad- 
ruple chromatid attraction with X” (Fig. 10). Transloca- 
tion between autosome and sex chromosome in Drosophila 
should give the combination with both types of pairing. 


| 
| 
| 
| 
| 
| 
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PACHYTENE X 
Y 
METAPHASE 
— Y 


Fic. 10. Diagram showing the two kinds of association between the 
three sex chromosomes of D. miranda. 


The analysis of the salivary gland nuclei in D. miranda 
shows that the Y chromosome has several euchromatic seg- 


. ments, the structure of which closely resembles that of the 


third autosomal chromosome (MacKnight, 1939). One of 
these particular segments could have retained the character- 
istic pairing property of the autosomes, which would thus 
provide the physical basis of the association between X” 
and Y. 


~ 


5. Tue Puysicau Basis oF DIFFERENTIAL 
CHROMOSOME BEHAVIOR 


The experimental data presented above indicate that 
when flies are bred at high temperatures, the sex chromo- 
somes display a pronounced precocity, shown by shortening 
of the duration of metaphase association of these chromo- 
somes as compared with that of the autosomes. At low 
temperatures, however, the precocity of the X’X”Y com- 


| 

| 

| 
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plex is greatly reduced, as shown by the fact that these 
chromosomes remain associated for a longer period during 
metaphase of meiosis. On the other hand, there is no evi- 
dence that temperature changes affect the duration of meta- 
phase association of the autosomal chromosome pairs; it 
seems from the data that the temperature effects are re- 
stricted to the sex chromosomes only. It is of some interest 
to note that at 24° C. the proportion of spermatocytes with 
“free” X’ is less than at 16° C., while that of those with 
“free” X” at 24° C. is higher than at 16° C. The X” 
apparently reacts to temperature changes more like the 
autosomes than the large X’ and Y sex chromosomes. Be- 
cause the autosomes do not respond in the same way or to 
the same degree as the sex chromosomes during meiosis to 
temperature changes, it may be assumed that they differ in 
chemical organization, and that the mechanism of associa- 
tion of the autosomes and of the sex chromosomes is con- 
ditioned by this difference. 

A comparison of meiotic behavior of the sex and auto- 
somal chromosomes indicates that the rate of nucleic acid 
charge, consequently the rate of chromosome synthesis 
itself, is greater in the sex chromosomes than in the auto- 
somes. It is shown by precocious condensation of the 
former during prophase of meiosis. This phenomenon, 
known as “ pyenosis,” is common in the heterogametic sex 
of a great number of animal species (cf. White, 1945). The 
experimental data, given above, thus indicate that in D. 
miranda the rate of nucleic acid charge of the sex chromo- 
somes is affected by temperature and perhaps by age also. 
In the golden hamster it was demonstrated that besides age, 
diet and breeding season are other factors, which can influ- 
ence the nucleic acid charge in a particular segment of the 
Y chromosome (Koller, 1945). This is another proof that 
the reaction of sex chromosomes is greater to environmental 
changes than that of the autosomes. Though the ultimate 
cause which determines the rate of nucleic acid charge of 
a particular chromosome is not known, we assume on the 


‘ 
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evidence presented that the different nucleic acid cycle 
forms the physical basis of the differential chromosome 
behavior in the heterozygous sex of D. miranda. 


6. SUMMARY 


1. The three sex chromosomes—X’, X” and Y—of male 
Drosophila miranda Dobz. pair, and under suitable condi- 
tions, form a triple figure during meiosis. 

2. The association of X’ and Y, which have a pairing seg- 
ment near the centromere, is by two reciprocal chiasmata. 

3. The association of X” and Y is assumed on indirect 
evidence to be by an extreme degree of somatic pairing, 
similar to that found between autosomes. 

4. Change in temperature affects the relative timing of 
anaphase for the two types of pairing. The duration of 
meiotic pairing of the sex chromosomes is longer in flies 
bred at 16° C. than in those bred at 24° C. It is also longer 
in larvae or pupae than in adult flies. The behavior of 
autosomes is independent of temperature and age. 

5. The difference in reaction of sex chromosomes and 
autosomes to environmental factors suggests a difference in 
their organization. It seems that they have a different rate 
of nucleic acid cycle during meiotic prophase, which per- 
haps conditions their characteristic pairing properties. 
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